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Abstract 
In order to investigate the spin stiffness constant, D, of Mn-based Heusler alloys with half-metallic 
density of states, magnetic measurements were properly carried out.   The Curie temperature, TC, of 
Mn2VAl, Mn50V20Al30 and Mn2CoGa were 768, 738 and 740 K, respectively.  The value of D was 
evaluated from the temperature, T, dependence of the spontaneous magnetization in each specimen 
below 150 K, where linear dependence of T 3/2 was observed.  The D values for these materials were 
obtained to be 5.34, 4.38 and 5.67 meVy(nm)2 and significantly larger than that for Co-based Heusler 
alloys reported previously.  The strong exchange interaction would be the reason that the Mn-based 
Heusler alloys indicate high TC even though they have not so large total magnetic moment comparing 
to that of Co-based Heusler alloys. 
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1 Introduction 
Co-based Heusler alloys have attracted considerable attention for their potential use as applicable 
materials in the field of spin-electronics and magnetoresistive devices.  A large number of Co-based 
Heusler alloys have been investigated and reported to be half-metallic ferromagnets from electronic 
structural calculations (Galanakis et al., 2002) since it has been reported that the density of states in 
the minority band at the Fermi energy nearly vanished in the Co2MnAl and Co2MnSn (Kübler et al., 
1983).  Due to their high Curie temperatures, TC and high phase stability, that is, easy growth on 
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substrates in fabrication of multi-layered thin films, Co-based Heusler alloys with high spin 
polarization are good candidates for applications.   
Mn-based Heusler alloys with half-metallic electronic structure also have a potential candidate for 
the spintronics devices.  Recently, many kinds of Mn-based Heusler alloys have been predicted as 
showing half-metallic electronic states from the first principle calculations (Ishida et al., 1984, Weht 
and Pickett, 1999).  In contrast to Co2MnZ (Z = sp elements) -type Heusler alloys, Mn-Mn distance in 
the nearest neighbor becomes to be shorter in the case of the Mn-based Heusler alloys, and such 
situation favors antiferromagnetic coupling.  For Mn2VAl alloy, which is best known as the half-
metallic ferrimagnet among the Mn-based Heusler alloys, Mn and V magnetic moments couple 
antiferromagnetically (Itoh et al., 1983).  As a result, magnetic moments are compensated and the 
comparatively small total magnetic moment is favorable as the spintronics materials.  
In our previous investigation, spin stiffness constant, D, of various Co-based Heusler alloys has 
been evaluated from magnetic measurements, and it has been reported that there were two kinds of 
behaviors in the relation between D and TC.  In the case of Co2YZ (Y = Cr, Mn) series, there was a 
linear relationship between D and TC.  With changing the number of valence electrons, total magnetic 
moment changes, and increase of the magnetic moment simply enhances both D and TC with in the 
same ratio.  For Co2FeZ series, although TC is comparable in the range of 1000 – 1100 K, the value of 
D changes in a wide range from about 2 to 5 meVy(nm)2 (Umetsu et al., 2011).  The rich variation of 
D in the Co2FeZ series has not been clarified, and it has been speculated that the temperature 
dependence of the magnetization will be governed not only by the spin-wave excitation but also other 
kinds of excitations for the Co-based Heusler alloys with containing Fe element.  The spin-wave 
excitation relates to thermal stability of the exchange interaction and also affects the performance of 
the spin-electronic devices.  Therefore, investigations of the spin-wave excitation in half-metallic 
ferro- and ferri-magnets are very important.  In the present study, we evaluated the value of D for Mn-
based Heusler alloys and discussed the obtained values comparing with that for various Co-based 
Heusler alloys (Umetsu et al., 2011). 
2 Experimental procedure 
Polycrystalline specimens of Mn2VAl (Mn50V25Al25 at.%), Mn50V20Al30 and Mn2CoGa 
(Mn50Co25Ga25 at.%) were prepared by levitation-melting or induction melting.  Starting materials of 
Mn, V and Co elements were previously melted by arc-melting in an Ar gas atmosphere for 
degasification.  Because the Mn element has a comparatively high vapor pressure, excess amount of 
Mn was added in advance.  Obtained ingots were wrapped by Mo foil to prevent to contact directly 
with the quartz tube and sealed into it infilled Ar gas after vacuuming.  The ingots of Mn2VAl and 
Mn50V20Al30 were annealed at 1473 K for 1 day and quenched into water.  Additional two-step 
annealing was treated for controlling the microstructure and degree of order.  For the ingot of 
Mn2CoGa, after annealing and quenched from 1173 K for 1 day, additional annealing at 773 K for 7 
days was treated to heighten the degree of order.   
Microstructure was checked by optical microscope and confirmed the single phase state in these 
specimens.  Compositions were analysed by electron probe micro analyser (EPMA) or inductively 
 Mn Y Z Exp. 
Mn2VAl 50.4 26.0 23.6 EPMA 
Mn50V20Al30 49.9 18.7 31.4 EPMA 
Mn2CoGa 49.8 24.6 25.6 ICP 
 
Table 1: Analysed compositions of the present alloys of Mn2YZ (Y = V or Co, Z = Al or Ga). 
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coupled plasma (ICP) atomic emission spectroscopy, and the results were listed in Table 1.  In spite of 
the difficulty of control the composition due to the high melting temperature of V element and high 
vapor pressure of Mn element, the composition comparatively close to nominal one.  Structure was 
examined by powder x-ray diffraction and lattice constant was also evaluated at room temperature.  
Magnetic measurements were carried out with using a superconducting quantum interference device 
(SQUID) magnetometer and vibrating sample magnetometer (VSM).  In particular, spin stiffness 
constant was examined from the temperature dependence of the spontaneous magnetization, which is 
obtained by the Arrott plot from the magnetization curves at each measuring temperature. 
3 Results and discussion 
Figure 1 shows thermosmagnetization (M-T) curves measured under 5 kOe magnetic field in order 
to investigate the Curie temperature, TC for Mn2VAl, Mn50V20Al30, and Mn2CoGa alloys.  TC, in where 
it is defined as a minimum point in the temperature differentiation to M-T curves (= dM/dT-T) for 
these alloys were evaluated to 768, 738 and 740 K, respectively.  These values are in consistent to the 
reported values of 760 K for Mn2VAl (Yoshida et al., 1984) and 739 K for Mn2CoGa (Minakuchi et 
al., 2015).   
Magnetization curves measured at 5 K for Mn2VAl and Mn2CoGa are indicated in Fig. 2 (a) and 
(b), respectively.  The magnetization is easy to saturate and the spontaneous magnetization, Ms, is 
evaluated from the intersection to H = 0 in the Arrott plot (H/M-M2 plot) as shown in their insets.  The 
values of Ms are obtained to be 57.7 and 48.2 emu/g and converted to 1.94 and 2.06 µB/f.u., 
respectively, and these values are close to the integer number of 2.  In the prediction of Slater-Pauling 
rule (Galanakis et al., 2002), total magnetic moments of Mn2VAl and Mn2CoGa are given to be -2 and 
2, respectively (Mt = 24 – Zt, Mt : total magnetic moment, Zt : total number of the valence electrons).  
In addition, theoretically obtained magnetic moment of Mn2VAl from the first principle calculations is 
also close to the integer number of 2 (Ishida et al., 1984), suggesting one of the evidence as the half-
metallic materials.  The value of Ms for Mn50V20Al30 obtained by the same manner is given to 71.5 
emu/g.  Mn and V magnetic moments couples antiferromagnetically, so lack of the V elements 
increases the total magnetic moment, and the converted magnetic moment for Mn50V20Al30 is 2.34 
µB/f.u.  The enhancement of Ms with decreasing V content from the off-stoichiometric composition for 
 
Figure 1: Thermomagnetization curves for 
Mn2VAl, Mn50V20Al30 and Mn2CoGa alloys 
measured in a magnetic field of 5 kOe.  Arrows 
indicate the Curie temperature, TC. 
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Mn-V-Al system has already been reported and the values are in consistent (Yoshida et al., 1984). For 
Mn2CoGa, first principle calculation was carried out under the assumption that the crystal structure is 
Hg2CuTi-type structure (Luo et al., 2008, Xing et al., 2008), here, the atomic arrangement of four 
crystal sites corresponding the four fcc lattices composing the Heusler alloy, that is, A (0, 0, 0), B (1/4, 
1/4, 1/4), C (1/2, 1/2, 1/2) and D (3/4, 3/4, 3/4) are occupied in the order of Co, Mn, Mn and Ga atoms.  
However, recent study by scanning transmission electron microscopy–high angle annular dark field 
(STEM–HAADF) observation has reported that the atomic arrangement of Mn2CoGa in the 
equilibrium state at the finite temperature has an L21-type symmetry, that is, A and C sites are 
occupied by Mn and Co atoms randomly in the same ratio and B and D by Mn and Ga atoms, 
respectively (Minakuchi et al., 2015).  The atomic arrangement is the same with that for Mn2NiGa 
(Brown et al., 2010), Mn2NiSn (Helmholdt and Buschow, 1987, Lakshmi et al., 2002) and Mn2CoSn 
(Lakshmi et al., 2002, Surikov et al., 1990, Winterlik et al., 2011), therefore, theoretical calculations 
for the electronic state with the coherent potential approximation will be desired. 
The spin-wave stiffness constant, D is deduced by fitting the data of temperature dependence of Ms 
to the equation in low temperature region, 
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where, Ms(0), g, μB and kB are spontaneous magnetization at 0 K, the Lande’s splitting factor, the Bohr 
magneton and the Boltzmann constant, respectively.  If the spin wave excitation is dominant to the 
temperature dependence of the magnetization, Ms might follow the relation indicated by the equation 
(1).  
Figure 3 shows temperature (T 3/2) dependence of Ms, here, the vertical axis is actually 1-Ms(T)/M0.  
Thus, a slope of the linear relation gives the coefficient B in the equation (1).  In addition, from the 
value of B, spin stiffness coefficient D can be obtained from the relation of the equation (2).  The 
values of B are 6.30, 7.17 and 5.39 × 10-6 for Mn2VAl, Mn50V20Al30 and Mn2CoGa, respectively, and 
        
 
Figure 2: Magnetization curves measured at 5 K for Mn2VAl (a) and Mn2CoGa (b) alloys.  Insets 
indicate the Arrott plot, H/M-M2 plot. 
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gives D of 5.34, 4.38 and 5.67 meVy (nm)2, respectively. The obtained data, lattice parameter, 
magnetic moment, TC, B and D are listed in Table 2.  
The D-TC plots for Mn2VAl, Mn50V20Al30 and Mn2CoGa alloys are shown in Fig. 4, together with 
the reported values of the Co-based Heusler alloys of Co2CrGa, Co2MnGa and Co2Mn(Al,Si) (Umetsu 
et al. (2011)), and pure Fe (Pauthenet, 1982), Co and Ni (Shirane et al. (1968)).  It is evident that the 
value of D for Mn-based Heusler alloys presented here is very high comparing to that for the Co-based 
Heusler alloys having comparable values of TC.  For example, TC of Mn2VAl is 768 K and in the same 
range with 726 K for Co2MnAl (Umetsu et al. (2008)), however, the value of D for the former is 5.34 
and the latter is 2.88 meVy(nm)2 (Umetsu et al. (2011)).  Incidentally, Ms for Co2MnAl is close to 4 
µB/f.u., being twice larger than that for Mn2VAl.  For the Co-based Heusler alloys, it is suggested that 
there is a linear tendency between D and TC, and the linear line seems to reach the value of pure Co.  
The slope of the linear line (D/TC) indicated by gray line in the Fig. 4 is about 3.6 × 10-3 meVy(nm)2/K.  
In the case of Mn-based Heusler alloys, relation of D-TC is rather close to that for pure Ni.  The slope 
of the dashed line, which is simply lined as following the value of pure Ni, is about 6.7 × 10-3 meVy
(nm)2/K.  In order to investigate whether D-TC for the Mn-based Heusler alloys really indicates linear 
relation or not, further data will be needed.  It is just said that the value of D for the Mn-based Heusler 
alloys is significantly higher than that for the Co-based Heusler alloys, suggesting that the magnetic 
stability is robust against the temperature. 
 
a 
(nm) 
TC 
(K) 
M 
(μB/f.u.) 
B 
(×10-6) 
D 
(meVy(nm)2) 
Mn2VAl 0.5883 768 1.94 6.30 5.34 
Mn50V20Al30 0.5908 738 2.34 7.17 4.38 
Mn2CoGa 0.5873 740 2.06 5.39 5.67 
 
Table 3: Results of lattice parameter at room temperature, a (nm), the Curie temperature, TC (K), 
magnetic moment, M (µB/f.u.), coefficient of the equation (a), B (×10-6), and spin stiffness constant, D 
(meVy(nm)2), obtained in the present study. 
 
 
Figure 3: Temperature dependence (T3/2) of the spontaneous 
magnetization for Mn2VAl, Mn50V20Al30 and Mn2CoGa 
alloys.  
Spin stiﬀness constant of half-metallic... R. Umetsu and T. Kanomata
894
  
Strength of the exchange interaction in the Mn2VAl alloy has been reported by the density 
functional theory calculations (Şaşıoğlu et al. (2005)). It is well known that the sign of the exchange 
interaction between Mn-Mn atoms is sensitive to their distance and its sign changes around the 
distance of around 3 Å (Yamada et al., 1970).  This means that the narrower distance between Mn-Mn 
favors the antiferromagnetic coupling and opposite situation the ferromagnetic coupling.  However, 
the calculated results by Şaşıoğlu et al. suggested the complex situation in the Mn2VAl.  From their 
results it has been reported that the nearest neighbor Mn-Mn couples ferromagnetically, on the other 
hand, next nearest neighbor Mn-Mn does antiferromagnetically. Further interesting result was that the 
nearest neighbor Mn-V couples antiferromagnetically and its exchange interaction is strongest in the 
system.  This means that the ferrimagnetism of the Mn2VAl is stabilized by the antiferromagnetic 
coupling between Mn-V and TC is governed by the exchange interaction between Mn-V (Şaşıoğlu et 
al., 2005).  The exchange interaction in the Mn2CoGa alloy has been also reported by another group by 
full-potential Korringa-Kohn-Rostoker method (Meinert et al., 2011).  However, the calculations were 
carried out based on the Hg2CuTi-type crystal structure.  In either case, further investigations are 
desired in order to clarify the high value of D for Mn-based Heusler alloys from both theoretical and 
experiments.  
4 Summary 
Magnetic measurements were carried out in order to investigate the Curie temperature, TC, and the 
spin stiffness constant, D, of Mn-based Heusler alloys with half-metallic density of states and 
comparing obtained results to that of the Co-based Heusler alloys. The values of TC for Mn2VAl, 
Mn50V20Al30 and Mn2CoGa alloys were 768, 738 and 740 K, respectively.  The value of D was 
evaluated from the temperature, T, dependence of the spontaneous magnetization, Ms, which is 
obtained by the Arrott plot in each specimen below 150 K.  In the lower temperature region, linear 
dependence of T 3/2 was observed and D values were evaluated from its slope.  The values of D for 
Mn2VAl, Mn50V20Al30 and Mn2CoGa were obtained to be 5.34, 4.38 and 5.67 meVy (nm)2 and 
significantly larger than that for Co-based Heusler alloys in the previous report.  In the plot of D-TC, 
the relation between D and TC is rather close to the situation in the pure Ni.  The strong exchange 
 
Figure 4: D-TC plot for the Mn-based Heusler alloys 
obtained in the present study, together with that for the 
Co-based Heusler alloys (Umetsu et al., 2011). 
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interaction would be the reason that the Mn-based Heusler alloys indicate high TC even though they 
have not so large total magnetic moment comparing to that of Co-based Heusler alloys. 
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